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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an internal combustion 
engine with EGR device which can obtain an actually 
calculated EGR rate accurately. 

SOLUTION: An internal combustion engine with EGR device 
which provides an aiiHntake oxygen level sensor 22 which 
detects an air-intake oxygen level, provided in downstream of 
an injunction between an air-intake passage 12 and an EGR 
passage 16 within an air-intake passage 16 and a calculating 
means for actually calculated EGR rate which is a ratio 
between an actual EGR rate and an actual air excessive rate 
based on the air-intake oxygen level, can obtain an high- 
accuracy actually calculated EGR rate in a quick response 
even under the transit operation of combustion engine, thereby 
the combustion quality of the internal combustion engine is 
well-monitored and the internal combustion engine is operated 
with a desired combustion condition with less NOx and smoke. 



m 



"7s 

*A 2'.' 



TO > 



ZKmr ~~\ 



LEGAL STATUS 

[Date of request for examination] 04.10.2001 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than the nr^T A\ / A 11 A Dl C /^^SnXi 
examiner's decision of rejection or application BCOI AVAILADLt CrV/l Y 

converted registration] 

[Date of final disposal for application] 

[Patent number] 351 8203 

[Date of registration] 06.02.2004 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's 



http://wwl9.ipdl.ncipi.go.jp/PAl/result/detail/main/wAAApyaqN^ 147P1 .htm 2/4/2005 



Page 1 of 2 



* NOTICES * 




JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The EGR path prepared so that an internal combustion engine's flueway and inhalation-of-air 
path might be opened for free passage, In the internal combustion engine with EGR equipment having the 
EGR control valve which controls the flow rate of the EGR gas which is formed in this EGR path and 
flows from said flueway to said inhalation-of-air path An oxygen density detection means to detect the 
inhalation-of-air oxygen density which is an oxygen density in the mixed inhalation of air of the new mind 
and EGR gas which are formed in said down-stream inhalation-of-air path from the unification section of 
said inhalation-of-air path and said EGR path, and are supplied to said engine, The internal combustion 
engine with EGR equipment characterized by providing an actual conversion EGR rate calculation means 
to compute the actual conversion EGR rate which is the ratio of the actual EGR rate which is the mixed rate 
of said EGR gas occupied to said inhalation of air, and an actual excess air factor from the detection value 
detected by this oxygen density detection means. 

[Claim 2] The internal combustion engine with EGR equipment according to claim 1 characterized by 
computing the above-mentioned actual conversion EGR rate based on the predetermined equation of state 
in which the above-mentioned actual conversion EGR rate calculation means showed the condition of the 
above-mentioned inhalation of air which considered reflux of the exhaust gas generated by the above- 
mentioned internal combustion engine's combustion, and the detection value detected by the above- 
mentioned oxygen density detection means. 

[Claim 3] The internal combustion engine with EGR equipment according to claim 1 characterized by 
actually computing a conversion EGR rate based on the following formulas with the above-mentioned 
actual conversion EGR rate calculation means. 
(R/lambda)=(a-x) (LO)/(aL 0+(b-aLO) x) 

R/lambda: It is actually the oxygen density x:inhalation-of-air oxygen density LO in conversion EGR rate 
a:atmospheric air. : The theoretical quantity of air b required for combustion of the fuel per unit: Amount of 
the carbon dioxide generated by combustion of the fuel per unit, and water [claim 4] The above-mentioned 
actual conversion EGR rate calculation means is an internal combustion engine with EGR equipment 
according to claim 1 characterized by actually computing a conversion EGR rate from an inhalation-of-air 
oxygen density based on the predetermined relation in which the value of the above-mentioned actual 
conversion EGR rate will decrease if the value of the inhalation-of-air oxygen density detected by the 
above-mentioned oxygen density detection means increases. 

[Claim 5] An operational status detection means to detect the above-mentioned internal combustion 
engine's operational status, and a target EGR rate calculation means to compute the target EGR rate 
corresponding to the detection value acquired by this operational status detection means, An actual excess- 
air-factor detection means to detect the actual excess air factor which is said internal combustion engine's 
actual excess air factor, An actual EGR rate calculation means to compute the actual EGR rate which is 
said internal combustion engine's actual EGR rate from the above-mentioned actual conversion EGR rate 
and said actual excess air factor, An internal combustion engine with EGR equipment given in any 1 term 
of claims 1-4 characterized by having the EGR rate control means which controls the opening of the EGR 
control valve arranged at the above-mentioned EGR path so that said actual EGR rate approaches said 
target EGR rate. 

[Claim 6] The internal combustion engine with EGR equipment according to claim 5 characterized by 
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providing 1st failure dec^^ means to judge that the above-mentio^^GR equipment is out of order 
when said deflection is larger than the predetermined value which is a reference value which judges failure 
of the above-mentioned EGR equipment, an EGR rate deflection calculation means to compute the 
deflection of the above-mentioned actual EGR rate and the above-mentioned target EGR rate, and. 
[Claim 7] The above-mentioned EGR rate control means is an internal combustion engine with EGR 
equipment according to claim 5 characterized by carrying out feedback control of the opening of said EGR 
control valve based on the above-mentioned actual EGR rate and the above-mentioned target EGR rate so 
that said actual EGR rate may approach said target EGR rate. 

[Claim 8] The internal combustion engine of the publication by any 1 term of claims 1-4 characterized by 
to have an operational-status detection means detect the above-mentioned internal combustion engine's 
operational status, a target conversion EGR rate calculation means compute the target conversion EGR rate 
corresponding to the detection value acquired by this operational-status detection means, and the 
conversion EGR rate control means that control the opening of the EGR control valve arranged at the 
above-mentioned EGR path so that said actual conversion EGR rate approaches said target conversion 
EGR rate with EGR equipment. 

[Claim 9] The internal combustion engine with EGR equipment according to claim 8 characterized by to 
provide 2nd failure decision means to judge that the above-mentioned EGR equipment is out of order when 
said deflection is larger than the predetermined value which is a reference value which judges failure of the 
above-mentioned EGR equipment, a conversion EGR rate deflection calculation means to compute the 
deflection of the above-mentioned actual conversion EGR rate and the above-mentioned target conversion 
EGR rate, and. 

[Claim 10] The above-mentioned conversion EGR rate control means is an internal combustion engine with 
EGR equipment according to claim 8 characterized by carrying out feedback control of the opening of the 
above-mentioned EGR control valve based on the above-mentioned actual conversion EGR rate and the 
above-mentioned target conversion EGR rate so that said actual conversion EGR rate may approach said 
target conversion EGR rate. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the internal combustion engine with EGR 
equipment which had the oxygen density sensor in the inhalation-of-air system about an internal 
combustion engine with EGR equipment. 
[0002] 

[Description of the Prior Art] A part of exhaust air of an internal combustion engine is made to flow back 
to an inhalation-of-air path, and the exhaust gas recycling (EGR) equipment which controls combustion 
with an internal combustion engine is known. The EGR control valve has been arranged at the EGR path 
for making a part of exhaust air flow back to an inhalation-of-air path, and it was controlled by accuracy by 
calculating conventionally the amount of the EGR gas which flows back the opening of an EGR control 
valve to an inhalation-of-air path. As an example of this kind of the amount calculation approach of EGR 
(s), there are some which were indicated by JP,57-148048,A, for example. By the amount calculation 
approach of EGR(s) of this official report, the air flow meter for detecting new air volume and the pressure 
sensor for detecting the total capacity which is the sum of new air volume and the amount of EGR(s) are 
arranged, and the amount of EGR(s) is computed by the inhalation-of-air path from the difference of total 
capacity and new air volume. 
[0003] 

[Problem(s) to be Solved by the Invention] However, in order to measure correctly the inhalation air 
content inhaled by the internal combustion engine, the measured capacity must be amended in 
consideration of the temperature of each gas. However, when measuring the temperature of gas with a 
temperature sensor, since the time constant of a temperature sensor is quite large, it is difficult [ it ] to 
measure the temperature between each ** correctly. So, at the time of transient operation of the large 
internal combustion engine of a temperature change, since the measured temperature data shift from actual 
temperature data considerably, it is difficult to measure the amount of EGR(s) correctly. If the amount of 
EGR(s) is not measured correctly, in an internal combustion engine, the technical problem which suitable 
combustion is not performed, consequently NOx under exhaust air and the amount of a smoke increase will 
arise. 

[0004] When using many sensors, such as an air flow meter, a pressure detection sensor, and a temperature 
sensor, the error which each sensor has accumulates and the technical problem that precision will fall 
produces the capacity computed from the detection value of each sensor. Furthermore, the technical 
problem that the control program of a system will become complicated and the system cost of EGR 
equipment will become high arises. 

[0005] In order to make small the error included in a temperature sensor, when using the good temperature 
sensor of responsibility, it becomes possible to measure somewhat correctly the actual temperature data at 
the time of transient operation of an internal combustion engine. However, since the good temperature 
sensor of responsibility has the high price, the technical problem to which the system cost of EGR 
equipment becomes high produces it. 

[0006] On the other hand, in order to judge failure of whether EGR equipment operating correctly and EGR 
equipment that is, from the former, the amount of EGR(s) occupied to inspired air volume comes out 
comparatively, and a certain EGR rate is used. However, if the amount of EGR(s) is not correctly measured 
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as mentioned above, the rate computed will become incorrecti^^When an EGR rate is not acquired 
correctly, failure of EGR equipment cannot be judged correctly. Consequently, the technical problem 
which cannot make a failure judgment of EGR equipment correctly arises. 

[0007] This invention aims at offering the internal combustion engine with EGR equipment which 
performs little combustion of NOx under exhaust air, or a smoke in view of said technical problem. 
[0008] Furthermore, by having a small number of sensor, it is possible to perform little combustion of NOx 
under exhaust air or a smoke, and system cost is low, and this invention aims at offering correctly the 
internal combustion engine with EGR equipment which can detect for an EGR rate or the amount of EGR 
(s). 

[0009] Furthermore, this invention aims at offering the internal combustion engine with EGR equipment 
which can attain the above-mentioned purpose and can make a failure judgment of EGR equipment 
correctly. 
[0010] 

[Means for Solving the Problem] The EGR path which according to invention according to claim 1 was 
prepared so that an internal combustion engine's flueway and inhalation-of-air path might be opened for 
free passage, In the internal combustion engine with EGR equipment having the EGR control valve which 
controls the flow rate of the EGR gas which is formed in this EGR path and flows from said flueway to 
said inhalation-of-air path An oxygen density detection means to detect the inhalation-of-air oxygen 
density which is an oxygen density in the mixed inhalation of air of the new mind and EGR gas which are 
formed in said down-stream inhalation-of-air path from the unification section of said inhalation-of-air path 
and said EGR path, and are supplied to said engine, An actual conversion EGR rate calculation means to 
compute the actual conversion EGR rate which is the ratio of the actual EGR rate which is the mixed rate 
of said EGR gas occupied to said inhalation of air, and an actual excess air factor from the detection value 
detected by this oxygen density detection means, The internal combustion engine with EGR equipment 
characterized by providing is offered. 

[001 1] According to invention according to claim 2, the internal combustion engine with EGR equipment 
according to claim 1 carry out computing the above-mentioned actual conversion EGR rate based on the 
predetermined equation of state in which the above-mentioned actual conversion EGR rate calculation 
means showed the condition of the above-mentioned inhalation of air which considered reflux of the 
exhaust gas generated by the above-mentioned internal combustion engine's combustion, and the detection 
value detected by the above-mentioned oxygen density detection means as the description is offered. 
[0012] According to invention according to ciaim 3, with the above-mentioned actual conversion EGR rate 
calculation means, the internal combustion engine with EGR equipment according to claim 1 characterized 
by actually computing a conversion EGR rate based on the following formulas is offered. 
(R/lambda)=(a-x) (L0)/(aL 0+(b-aL0) x) 

R/lambda: It is actually the oxygen density x:inhalation-of-air oxygen density L0 in conversion EGR rate 
a:atmospheric air. : The theoretical quantity of air b required for combustion of the fuel per unit: Amount of 
the carbon dioxide generated by combustion of the fuel per unit, and water [0013] According to invention 
according to claim 4, the internal combustion engine with EGR equipment according to claim 1 
characterized by the above-mentioned actual conversion EGR rate calculation means actually computing a 
conversion EGR rate from an inhalation-of-air oxygen density based on the predetermined relation in 
which the value of the above-mentioned actual conversion EGR rate will decrease if the value of the 
inhalation-of-air oxygen density detected by the above-mentioned oxygen density detection means 
increases is offered. 

[0014] Since the internal combustion engine with EGR equipment according to claim 1 to 4 possesses the 
inhalation-of-air oxygen density detection means by which a time constant is small, and an actual 
conversion EGR rate calculation means to actually compute a conversion EGR rate from an inhalation-of- 
air oxygen density, compared with a temperature sensor, he can actually acquire a conversion EGR rate 
with a sufficient response also in the time of transient operation of an internal combustion engine. 
Furthermore, as a detection means for actually acquiring a conversion EGR rate, since only an oxygen 
density detection means is provided, a detection error is not accumulated like [ in the case of having two or 
more detection means ]. So, the calculation precision of a conversion EGR rate actually improves. 
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Consequently, it is supen^pi with a sufficient precision, an internal^Bmbustion engine's combustion 
condition, i.e., actual conversion EGR rate, and operation of an internal combustion engine in the desired 
combustion condition is enabled. 

[0015] An operational status detection means to detect the above-mentioned internal combustion engine's 
operational status according to invention according to claim 5, A target EGR rate calculation means to 
compute the target EGR rate corresponding to the detection value acquired by this operational status 
detection means, An actual excess-air-factor detection means to detect the actual excess air factor which is 
said internal combustion engine's actual excess air factor, An actual EGR rate calculation means to 
compute the actual EGR rate which is said internal combustion engine's actual EGR rate from the above- 
mentioned actual conversion EGR rate and said actual excess air factor, Any 1 term of claims 1 -4 
characterized by having the EGR rate control means which controls the opening of the EGR control valve 
arranged at the above-mentioned EGR path so that said actual EGR rate approaches said target EGR rate is 
provided with the internal combustion engine with EGR equipment of a publication. 
[0016] The internal combustion engine with EGR equipment according to claim 5 actually computes an 
EGR rate from the computed actual conversion EGR rate and the detected actual excess air factor, and in 
order to control the opening of an EGR control valve to actually bring an EGR rate close to the target EGR 
rate corresponding to operational status, the opening of an EGR control valve is controlled by the desired 
value. 

[0017] When an EGR rate deflection calculation means compute the deflection of the above-mentioned 
actual EGR rate and the above-mentioned target EGR rate, and said deflection are larger than the 
predetermined value which is a reference value which judges failure of the above-mentioned EGR 
equipment according to invention according to claim 6, the internal combustion engine with EGR 
equipment according to claim 5 characterized by to provide 1st failure decision means judge that the above- 
mentioned EGR equipment is out of order is offered. 

[0018] The internal combustion engine with EGR equipment according to claim 6 actually computes the 
deflection of an EGR rate and a target EGR rate, and when deflection is larger than a predetermined value, 
in order to judge that EGR equipment is out of order, a judgment of failure of EGR equipment is made 
correctly. 

[0019] According to invention according to claim 7, the internal combustion engine with EGR equipment 
according to claim 5 characterized by the above-mentioned EGR rate control means carrying out feedback 
control of the opening of said EGR control valve based on the above-mentioned actual EGR rate and the 
above-mentioned target EGR rate so that said actual EGR rate may approach said target EGR rate is 
offered. 

[0020] In order that the internal combustion engine with EGR equipment according to claim 7 may actually 
perform feedback control of the opening of an EGR control valve based on an EGR rate and a target EGR 
rate, the opening of an EGR control valve is always controlled by the desired value during actuation. 
[0021] An operational status detection means to detect the above-mentioned internal combustion engine's 
operational status according to invention according to claim 8, A target conversion EGR rate calculation 
means to compute the target conversion EGR rate corresponding to the detection value acquired by this 
operational status detection means, Any 1 term of claims 1-4 characterized by having the conversion EGR 
rate control means which controls the opening of the EGR control valve arranged at the above-mentioned 
EGR path so that said actual conversion EGR rate approaches said target conversion EGR rate is provided 
with the internal combustion engine with EGR equipment of a publication. 

[0022] In order that the internal combustion engine with EGR equipment according to claim 8 may control 
the opening of an EGR control valve to actually bring a conversion EGR rate close to the target conversion 
EGR rate corresponding to operational status, the opening of an EGR control valve is controlled by the 
desired value. 

[0023] When a conversion EGR rate deflection calculation means compute the deflection of the above- 
mentioned actual conversion EGR rate and the above-mentioned target conversion EGR rate, and said 
deflection are large than the predetermined value which is a reference value which judges failure of the 
above-mentioned EGR equipment according to invention according to claim 9, the internal combustion 
engine according to claim 8 with EGR equipment which does as the description providing 2nd failure 
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decision means judge iha^B above-mentioned EGR equipment is ourof order is offered. 
[0024] The internal combustion engine with EGR equipment according to claim 9 actually computes the 
deflection of a conversion EGR rate and a target conversion EGR rate, and when deflection is larger than a 
predetermined value, in order to judge that EGR equipment is out of order, a judgment of failure of EGR 
equipment is made correctly. 

[0025] According to invention according to claim 10, the internal combustion engine with EGR equipment 
according to claim 8 characterized by the above-mentioned conversion EGR rate control means carrying 
out feedback control of the opening of the above-mentioned EGR control valve based on the above- 
mentioned actual conversion EGR rate and the above-mentioned target conversion EGR rate so that said 
actual conversion EGR rate may approach said target conversion EGR rate is offered. 
[0026] In order that the internal combustion engine with EGR equipment according to claim 10 may 
actually perform feedback control of the opening of an EGR control valve based on a conversion EGR rate 
and a target conversion EGR rate, the opening of an EGR control valve is always controlled by the desired 
value during actuation. 
[0027] 

[Embodiment of the Invention] Hereafter, based on an accompanying drawing, the internal combustion 
engine with EGR equipment of this invention is explained. First, the first operation gestalt of the internal 
combustion engine with EGR equipment of this invention is explained to a detail. Drawing 1 is the outline 
block diagram of the first operation gestalt of the internal combustion engine with EGR equipment of this 
invention. In drawing 1 , in 10, a diesel power plant and 12 show an inhalation-of-air path, and 14 shows 
the flueway. EGR equipment is equipped with the EGR control valve 18 prepared on the EGR path 16 
which connects the surge tank of a flueway 14 and the inhalation-of-air path 12, and the EGR path 16 in 
order to make a part of exhaust air of an engine 10 flow back to the surge tank (not shown) of the 
inhalation-of-air path 12. What 20 shows to drawing 1 is an EGR control valve mechanical component 
which drives the EGR control valve 1 8, for example, is the EGR actuator of proper formats, such as a 
negative pressure actuator and a stepper motor. ECU (control circuit)30 of an engine 10 drives the EGR 
control valve mechanical component 20 according to the operational status of the engines 10, such as fuel 
oil consumption of an engine 10, and an engine speed, and adjusts the opening of the EGR control valve 18 
so that it may mention later. Thereby, the amount of the EGR gas which flows back from a flueway 14 to 
the inhalation-of-air path 12 through the EGR path 16 is controlled. 

[0028] It is ECU (control circuit) of an engine 10 which 30 shows to drawing 1 . ECU30 is constituted as a 
digital computer of a well-known format which connected ROM (read-only memory), RAM (random 
access memory), CPU (microprocessor) and input port, and an output port mutually by the bidirectional 
bus. ECU30 performs basic control, such as fuel-injection control of an engine 10, and also performs each 
control of the EGR control which controls the opening of the EGR control valve 18, control of the failure 
alarm display by diagnosis (fault read-out unit) 32, etc. 

[0029] For these control, in the input port of ECU30 The voltage signal according to the accelerator 
opening theta (an operator's amount of accelerator pedal treading in) from the accelerator opening sensor 
26 formed in the accelerator pedal (not shown), The voltage signal according to the inhalation-of-air 
oxygen density x from the inhalation-of-air oxygen density sensor 22 formed in the inhalation-of-air path 
12, And the voltage signal according to the exhaust air oxygen density C from the exhaust air oxygen 
density sensor 24 formed in the flueway 14 is inputted via the multiplexer built-in A-D converter (not 
shown), respectively. The analog voltage signal from each above-mentioned sensor is inputted into a digital 
signal by the AD translation routine performed by ECU30 for every fixed time amount, and is stored in 
RAM of ECU30. Moreover, the pulse signal which expresses the engine speed NE of an engine 10 from the 
engine-speed sensor 28 arranged at the engine crankshaft (not shown) is inputted into input port besides the 
above. CPU computes an engine speed NE from the engine-speed pulse frequency inputted for every fixed 
time amount, and stores it in RAM. Each data of the inhalation-of-air oxygen density x, the exhaust air 
oxygen density C, the accelerator opening theta, and an engine speed NE is updated for every fixed time 
amount, and the newest value of these data is always stored in RAM. 

[0030] The output port of ECU30 is connected to the EGR control valve mechanical component 20 of the 
EGR control valve 18 through a drive circuit (not shown), and opening control of the EGR control valve 18 
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is performed. Moreover, t^lutput port of ECU30 is connected to diagnosis (fault read-out unit) 32, and 
diagnosis 32 performs troubleshooting of EGR equipment. 
[0031] With this operation gestalt, the demand injection quantity Q of an engine 10 is computed by the 
accelerator opening theta and the engine speed NE. Drawin g 2 is a map for demand injection-quantity 
calculation which computes the demand injection quantity Q from the accelerator opening theta and an 
engine speed NE. The axis of ordinate of drawing 2 shows the demand injection quantity Q, an axis of 
abscissa shows an engine speed NE, and, as for each line in drawing, the accelerator opening theta shows 
the demand injection quantity Q in a fixed case. As shown in drawing 2 , such a large value is taken, and it 
is set up that the accelerator opening theta is large if the demand injection quantity Q has the same engine 
speed NE so that such a big value that an engine speed NE is low if the accelerator opening theta is the 
same may be taken. The value of each demand injection quantity Q of drawing 2 is beforehand stored in 
ROM of ECU30 in the form of a numerical map where NE and theta were used as a parameter, and ECU30 
sets up the value of the demand injection quantity Q from this numerical map based on the value of the 
engine speed NE and the accelerator opening theta which were detected. 

[0032] Furthermore, it is computed in a target EGR rate, i.e., a target EGR rate, from the demand injection 
quantity Q and engine speed NE which were mentioned above. Drawin g 3 is a map for target EGR rate 
calculation which computes a target EGR rate from an engine speed NE and the demand injection quantity 
Q. The axis of ordinate of drawin g 3 shows the demand injection quantity Q, an axis of abscissa shows an 
engine speed NE, and it is Rl in drawing, R2, R3, and R4. The target EGR rate of a predetermined value is 
shown. Here, it is Rl, R2, and R3. And R4 Rl >R2 >R3 > R4 It has relation. The value of each target EGR 
rate of drawing 3 is beforehand stored in ROM of ECU30 in the form of a numerical map where the 
demand injection quantity Q and a rotational frequency NE were used as a parameter, and ECU30 sets up 
the value of a target EGR rate from this numerical map based on the value of the demand injection quantity 
Q and an engine speed NE. 

[0033] Next, control of the EGR equipment of the first operation gestalt is explained. Drawing 4 is the 
control flow chart of the EGR equipment of the first operation gestalt of the internal combustion engine 
with EGR equipment of this invention. Initiation of control of EGR equipment detects the accelerator 
opening theta and an engine speed NE first by the accelerator opening sensor 26 and the engine-speed 
sensor 28 of drawing 1 (step 202). (step 200) Then, drawing 2 mentioned above is used and the demand 
injection quantity Q is computed from the accelerator opening theta and an engine speed NE (step 204). 
Then, drawing 3 mentioned above is used and a target EGR rate is computed from the demand injection 
quantity Q and an engine speed NE (step 206). 

[0034] Then, the exhaust air oxygen density C is detected by the exhaust air oxygen density sensor 24 of 
drawing 1 (step 208). Since the exhaust air oxygen density C which is the output value of the exhaust air 
oxygen density sensor 24 actually supports an excess air factor lambda (engine air-fuel ratio) and one to 
one, an excess air factor lambda is actually computed from the exhaust air oxygen density C (step 210). 
Then, the inhalation-of-air oxygen density x is detected by the inhalation-of-air oxygen density sensor 22 of 
drawing 1 (step 212). The inhalation-of-air oxygen density x is changed so that it may mention later, and 
the actual conversion EGR rate which is the ratio of an actual EGR rate and an actual excess air factor is 
computed (step 214). 

[0035] Hereafter, with reference to drawing 5 and drawing 6 , the approach by which a conversion EGR 
rate is actually computed from the inhalation-of-air oxygen density x is explained to a detail. Drawing 5 
and draw ing 6 aim at the inspired air volume in the condition that it was fully performed that reflux, i.e., 
EGR gas, is returned to an inhalation-of-air path through an EGR path, and the amount of oxygen under 
inhalation of air being shown with EGR rateR, an excess air factor lambda, etc. Drawing 5 shows the 
inspired air volume [ in / in the count of reflux / 0 times, 1 time, 2 times, n times, and a steady state 
(condition of n->infinity) ] per unit fuel quantity (Nm3 / kg), and the displacement per unit fuel quantity 
(Nm3 / kg). Here, lambda is an excess air factor and is L0. It is the theoretical quantity of air per unit fuel 
quantity (Nm3 / kg), i.e., the air content which contains the oxygen of a complement in a 1kg fuel burning 
completely, R is an EGR rate, a is an oxygen density in atmospheric air, and b is C02 per unit fuel 
quantity. And it is the amount of generation of H2 O (Nm3 / kg). 

[0036] In case the count of reflux is 0 times, in an engine, it is the theoretical quantity of air L0. lambdaLO 
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which multiplied by the a^is air factor lambda New mind is inhaleJWambdaLO L(lambda-l) 0 which will 
not be used for combustion if new mind burns Air, The remaining air LO LO which is the air (02 
component of an except) which was not used for inner combustion (1-a) C02 generated by combustion 
And b which is H2 O is discharged (LO+(l-a) LO+b=(lambda-a) LO+b). (lambda- 1) Then, only the amount 
of EGR rate of exhaust air (lambda-a) (LO+b) flows back to the inhalation-of-air path 12 through the EGR 
path 16 of drawing 1 . The inspired air volume inhaled by the engine in this condition, i.e., the condition 
that the count of reflux is 1 time, is lambdaLO which is the amount of a new new mind. It becomes the total 
quantity (lambdaLO+R (lambda-a) (LO+b)) with R (lambda-a) (LO+b) which is the amount of EGR gas. The 
displacement after combustion is computed similarly ((lambda-a) (1+R) LO+b). Similarly the inspired air 
volume at the time of the count of reflux being 2 times to (lambdaLO+R (1+R) ((lambda-a) LO+b)) The 
time of becoming displacement ((lambda-a) (1+R+R2) LO+b), and the count of reflux being n times, 
Inspired air volume to (lambdaLO+R (1+R+ — +Rn-1) ((lambda-a) LO+b)) Becoming displacement 
((lambda-a) (1+R+ — +Rn) LO+b), in the state of a stationary (n->infinity), inspired air volume becomes 
(lambdaLO+ (R/(l-R)) ((lambda-a) LO+b)), and turns into displacement ((lambda-a) (1/(1-R)) LO+b). 
[0037] Drawing 6 shows the amount [ in / in the count of reflux / 0 times, 1 time, 2 times, n times, and a 
steady state ] of oxygen under inhalation of air per unit fuel quantity (Nm3 / kg), and the amount of oxygen 
under exhaust air per unit fuel quantity (Nm3 / kg). Like drawing 5 , lambda is an excess air factor, LO is 
the theoretical quantity of air per unit fuel quantity (Nm3 / kg), i.e., the air content which contains the 
oxygen of a complement in a 1kg fuel burning completely, R is an EGR rate, a is an oxygen density in 
atmospheric air, and b is C02 per unit fuel quantity. And it is the amount of generation of H2 O (Nm3 / 
kg). 

[0038] the time of the count of reflux being 0 times — an engine ~ the theoretical quantity of air LO 
lambdaLO which multiplied by the excess air factor lambda new mind inhales — having — the amount of 
oxygen under inhalation of air — alambdaLO it is . lambdaLO Air LO which will not be used for combustion 
if new mind bums (lambda- 1) The inner amount a (lambda- 1)L0 of oxygen It becomes the amount of 
oxygen under exhaust air. As shown in drawing 5 , then, only the amount of EGR rate of exhaust air 
(lambda-a) (LO+b) Flow back to the inhalation-of-air path 12 through the EGR path 16 ( drawin g 1 ), and in 
case the count of reflux is 1 time, the amount of oxygen under inhalation of air inhaled by the engine 
alambdaLO which is the amount of oxygen in new mind Amount Ra(lambda-l) Lof oxygen 0 in EGR gas It 
becomes the total quantity (alambdaLO+Ra(lambda-l) LO). It is computed similarly and the amount of 
oxygen under exhaust air after combustion is a (1+R) (lambda- 1)L0. It becomes. Similarly the amount of 
oxygen under inhalation of air at the time of the count of reflux being 2 times to (alambdaL0+R(l+R) a 
(lambda- 1) LO) The amount of oxygen under exhaust air is a (1+R+R2) (lambda- 1)L0. The time of 
becoming and the count of reflux being n times, For the amount of oxygen under inhalation of air, the 
amount of oxygen under exhaust air is a (1+R+ - +Rn) (lambda- 1)L0 to (alambdaL0+R(l+R+ - +Rn-1) a 
(lambda- 1) LO). It becomes. In a steady state The amount of oxygen under inhalation of air is set to 
(alambdaL 0+(R/(l-R)) a (lambda- 1)L0), and the amount of oxygen under exhaust air is a (1/(1-R)) 
(lambda- 1)L0. It becomes. 

[0039] Inspired air volume of the steady state acquired as mentioned above (with the amount of oxygen 
(alambdaL 0+(R/(l-R)) a (lambda-l)LO) under lambdaL0+ (R/(l-R)) ((lambda-a) LO+b) and inhalation of 
air) Relational-expression [ from the inhalation-of-air oxygen density x obtained by the inhalation-of-air 
oxygen density sensor 22 of drawing 1 ] (inhalation-of-air oxygen density x) =(amount of oxygen under 
inhalation of air (alambdaL 0+(R/(l-R)) a (lambda- l)L0))/(inspired air volume (lambdaL0+ (R/(l-R)) 
((lambda-a) L0+b)) is obtained.) Furthermore, relational-expression (R/lambda) =( a " x ) (L0)/(aL 0+(b-aL0) 
x) of a conversion EGR rate (R/lambda) and the inhalation-of-air oxygen density x is actually obtained by 
transforming this formula. 

[0040] Return and formula (R/lambda) =(a-x) (L0)/(aL 0+(b-aL0) x) mentioned above are used for drawing 
4 , and a conversion EGR rate is actually computed from the inhalation-of-air oxygen density x detected at 
step 212 (step 214). In this case, it is also possible to use relational-expression (R/lambda) =px+q (for p and 
q to be a constant) approximated to the straight line as shown in drawin g 7 instead of using formula 
(R/lambda) =(a-x) (L0)/(aL 0+(b-aL0) x) (a hyperbola being shown). In addition, drawing 7 is a graph 
which actually indicates relation with a conversion EGR rate to be an inhalation-of-air oxygen density. 
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[0041] Then, the actual e: 




acquired at step 214 are used, and an EGR rate is actually computed (step 216). 

[0042] Then, at step 218, a judgment of failure of EGR equipment is made in diagnosis (fault read-out 
unit), and the absolute value of the difference of an EGR rate and a target EGR rate is actually compared 
with the failure decision value set up beforehand. It is judged that EGR equipment is out of order when the 
absolute value of the difference of an EGR rate and a target EGR rate is actually larger than a failure 
decision value, diagnosis (not shown) performs the alarm display of the purport to which EGR equipment 
is out of order (step 220), and when the absolute value of the difference of an EGR rate and a target EGR 
rate is actually below a failure decision value, diagnosis does not warn. 

[0043] Then, the target EGR rate acquired at step 206 is compared with the actual EGR rate acquired at 
step 216 (step 222). A target EGR rate and when an EGR rate is actually equal, an EGR control valve is not 
driven but the opening of an EGR control valve is maintained as it is. When an EGR rate actually differs 
from a target EGR rate, an EGR control valve drives and the opening of an EGR control valve is adjusted 
(step 224). In a detail, when an EGR rate is actually larger than a target EGR rate, an EGR control valve is 
driven so that opening may become small, and when an EGR rate is actually smaller than a target EGR rate, 
an EGR control valve is driven so that opening may become large. 

[0044] After the above control is completed, control of return (step 226) and EGR equipment repeats a step 
which was mentioned above to step 200 until an engine is suspended. 

[0045] Hereafter, the second operation gestalt of the internal combustion engine with EGR equipment of 
this invention is explained. Although the configuration of the second operation gestalt is explained using 
drawing 1 , in drawing 1 , a point which is different with the configuration of the second operation gestalt 
and the configuration of the first operation gestalt is a point that the second operation gestalt does not have 
the exhaust air oxygen density sensor 24, and other configurations are common to the first operation gestalt 
and the second operation gestalt. 

[0046] The voltage signal according to the accelerator opening theta (an operator's amount of accelerator 
pedal treading in) from the accelerator opening sensor 26 formed in the accelerator pedal (not shown) and 
the voltage signal according to the inhalation-of-air oxygen density x from the inhalation-of-air oxygen 
density sensor 22 formed in the inhalation-of-air path 12 are inputted into the input port of ECU30 via the 
multiplexer built-in A-D converter (not shown), respectively. The analog voltage signal from each above- 
mentioned sensor is inputted into a digital signal by the AD translation routine performed by ECU30 for 
every fixed time amount, and is stored in RAM of ECU30. Moreover, the pulse signal which expresses the 
engine speed NE of an engine 10 from the engine-speed sensor 28 arranged at the engine crankshaft (not 
shown) is inputted into input port besides the above. CPU computes an engine speed NE from the engine- 
speed pulse frequency inputted for every fixed time amount, and stores it in RAM. Each data of the 
inhalation-of-air oxygen density x, the accelerator opening theta, and an engine speed NE is updated for 
every fixed time amount, and the newest value of these data is always stored in RAM. 
[0047] Unlike the first operation gestalt, with the second operation gestalt, it is computed from the demand 
injection quantity Q and engine speed NE which the ratio with an excess air factor, the target conversion 
EGR rate, i.e., the target EGR rate, instead of, mentioned above. [ a target EGR rate ] Drawing 8 is a map 
for target conversion EGR rate calculation which computes a target conversion EGR rate from an engine 
speed NE and the demand injection quantity Q. The axis of ordinate of drawing 8 shows the demand 
injection quantity Q, an axis of abscissa shows an engine speed NE, and it is 1 (R/lambda) in drawing, 2 
(R/lambda), 3 (R/lambda), and 4 (R/lambda). The target conversion EGR rate of a predetermined value is 
shown. Here, it is 1 (R/lambda), 2 (R/lambda), and 3 (R/lambda). And (R/lambda) 4 1 (R/lambda) > 
(R/lambda)2 > (R/lambda) 3 > (R/lambda) 4 It has relation. The value of each target conversion EGR rate 
of drawing 8 is beforehand stored in ROM of ECU30 ( drawing 1 ) in the form of a numerical map where 
the demand injection quantity Q and a rotational frequency NE were used as a parameter, and ECU30 sets 
up the value of a target EGR rate from this numerical map based on the value of the demand injection 
quantity Q and an engine speed NE. 

[0048] Next, control of the EGR equipment of the second operation gestalt is explained. Drawin g 9 is the 
control flow chart of the EGR equipment of the second operation gestalt of the internal combustion engine 
with EGR equipment of this invention. If control of EGR equipment is started (step 300), drawin g2 which 
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the accelerator opening tfflKind an engine speed NE were detected b^he accelerator opening sensor 26 
and the engine-speed sensor 28 of drawing 1 (step 302), then was mentioned above like the case where it is 
the first operation gestalt will be used, and the demand injection quantity Q will be computed from the 
accelerator opening theta and an engine speed NE (step 304). Then, drawing 8 mentioned above is used and 
a target conversion EGR rate is computed from the demand injection quantity Q and an engine speed NE 
(step 306). 

[0049] Then, the inhalation-of-air oxygen density x is detected by the inhalation-of-air oxygen density 
sensor 22 of drawing 1 (step 308). The inhalation-of-air oxygen density x is changed as the first operation 
gestalt explained with reference to drawing 5 - drawing 7 , and the actual conversion EGR rate which is the 
ratio of an actual EGR rate and an actual excess air factor is computed (step 310). 
[0050] Then, at step 312, a judgment of failure of EGR equipment is made in diagnosis (fault read-out 
unit), and the absolute value of the difference of a conversion EGR rate and a target conversion EGR rate is 
actually compared with the failure decision value set up beforehand. It is judged that EGR equipment is out 
of order when the absolute value of the difference of a conversion EGR rate and a target conversion EGR 
rate is actually larger than a failure decision value, diagnosis (not shown) performs the alarm display of the 
purport to which EGR equipment is out of order (step 314), and when the absolute value of the difference 
of a conversion EGR rate and a target conversion EGR rate is actually below a failure decision value, 
diagnosis does not warn. 

[0051] Then, the target conversion EGR rate acquired at step 306 is compared with the actual conversion 
EGR rate acquired at step 310 (step 316). A target conversion EGR rate and when a conversion EGR rate is 
actually equal, an EGR control valve is not driven but the opening of an EGR control valve is maintained 
as it is. When a conversion EGR rate actually differs from a target conversion EGR rate, an EGR control 
valve drives and the opening of an EGR control valve is adjusted (step 3 1 8). In a detail, when a conversion 
EGR rate is actually larger than a target conversion EGR rate, an EGR control valve is driven so that 
opening may become small, and when a conversion EGR rate is actually smaller than a target conversion 
EGR rate, an EGR control valve is driven so that opening may become large. 

[0052] After the above control is completed, control of return (step 320) and EGR equipment repeats a step 

which was mentioned above to step 300 until an engine is suspended. 

[0053] 

[Effect of the Invention] According to invention according to claim 1 to 4, since it does not have a 
temperature sensor with a large time constant, it becomes possible to be actually able to acquire a 
conversion EGR rate with a sufficient response, and to perform little combustion of NOx under exhaust air, 
or a smoke also in the time of transient operation of an internal combustion engine. Furthermore, since only 
an oxygen density detection means is provided as a detection means for actually acquiring a conversion 
EGR rate, a detection error is not accumulated like [ in the case of having two or more detection means ]. 
So, it becomes possible to make system cost low, and becomes detectable correctly about an EGR rate or 
the amount of EGR(s). 

[0054] According to invention given in claims 5, 7, 8, and 10, it becomes possible to control the opening of 
an EGR control valve to a desired value. 

[0055] According to invention given in claims 6 and 9, it becomes possible to judge failure of EGR 
equipment correctly. 
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* NOTICES * 




JPO and NCZPZ are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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PROBLEM TO BE SOLVED: To provide an in 
combustion engine with EGR device which can obtain an 
actually calculated EGR rate accurately. 

SOLUTION: An internal combustion engine with EGR 
device which provides an air-Intake oxygen level sensor 
22 which detects an air-intake oxygen level, provided in 
downstream of an injunction between an air-intake 
passage 12 and an EGR passage 16 within an air-intake 
passage 16 and a calculating means for actually 
calculated EGR rate which is a ratio between an actual 
EGR rata and an actual air excessive rate based on the 
air-intake oxygen level, can obtain an high-accuracy 
actually calculated EGR rate in a quick response even 
under the transit operation of combustion engine, 
thereby the combustion quality of the internal 
combustion engine is weD-mon i tored and the internal 
combustion engine Is operated with a desired combustion 
condition with less NOx and smoke. 



3 P, 




-1- 




(19>B#@#ff)P/f (JP) 



<12) & ffl 4$ 1^ m (A) 



#^¥10-141147 

(43)&P8B ^10^(1998) 5 £26 H 



(51) IntCl. 6 




F I 




F02M 25/07 


5 5 0 


F02M 25/07 5 5 0 E 








5 5 OF 








5 5 0L 




F 0 2 D 21/08 


3 0 1 


F 0 2 D 21/08 3 0 1 Z 




41/02 


3 0 1 


41/02 3 0 1 E 










& 10 JO 


(21)fflS#^ 


^¥8-303149 


(JVmmA 000003207 












(22)fflSH 


¥/£8 ^(1996) 118 14 B 










(72)3g$i$ mm 








sa^sam h a *atr 1 #*a 





















(54) BSfBffl^SO EGRSg#^rti6K«H 



(57) 

KmSSS 1 2 ft<D, ©tailBS 1 2iEG 

i£^ttiT^KmiS3!ljftS-tr>-ti-2 2i. XllEGRfi 
*l^«ai**i:OitT?***l«»J|[EGR**!R5t» 

©IS*. rt«S«M©«8«fe«ffi«ffi*A<E«$n. AJg 



20 

f 



E G R fc]iSp#SBt*8H 



~7 

18 



1/. 24 



10 



30 



ECU 
T 



16 



z 



I 12 



22 



-28 



26 



32 




f 5,£5K:sgtt'=>tlfcEGRii8§<t:> KE GRilKlCiS: 

xom&zfflffl-r* e GRMfflftii&mz-rcE gr^i 

flSfHK^ilSSt WISE G RMSSi ©^95 «t 0 TtSt©W 

E*«a»i'aK:H:w-&n. Mi5^H^$&snssr^.t 
e g r # x <t ©?i£- u iz*3 u- mmmmx'& z © 

Rt«a«ttllif SCJ: D«asnft*fflttJ: 0. ME 

©St fc a * •& mis e g r #x ©ii^w^-e & s mu<D e 

G R ^ t $m ©£M jfiSflSfc <h <Dife<& 3 SUStftj* E G R 

^sffl-rsnis&ff e GRs^m^at. 

ft AflTT 4 C <hft4#m<i:-r-5 E GRgI#tMM. 
[K*»2] ±E*^&JP^ GR3?ffii}^R <!:«:, -t 
Ert«5*KW©*£*IK:<fc 0 ^©jSfftftJai* 
bfc±fB©^©«SSft^Ufc^©^Si^gS<h. -tie 
gsflitg^aj^RC: J: t) ^ffi S ttfc&ajffi t ft SK-hE 
*BR&ISE G R^ft^ffl-TS H <h 1 

ice*© e g r nmwm. 

C»*«3] ±IB*l»t(WEGRSMWl*atl4. £A 
T©5isrg-^Tj^&g:E GR¥4IHit5 c <fc ft# 
«tT*BI*Bl CE«CDEGR««««l*a«S«B8. 

(R/A) = ( (a-x) Lo) / (aLo + (b-a 
Lo ) x) 

R/A : iS5ISEGR$ 
a : *m*©iS35iilg 
x : ©SC&Kijgg 

*tRtf*©s 

nt*W4] ±fanis^stEGR^isai#ia:tt. jle 

«traT5<h±E^I£&SEGRi?©ffi;W84>-rs. HfS 

ftfiLta-r ^ c t ft^asi-r sit 1 ke«© egrs 
[§f*^5] ±Ert«s«H©a&Ka8ft&ffi-f*ii£ 

i±5ffilC»^-r4 SHE G R^ftgaST-S e^E GR^Sl 

ajfst, t&Ert««w©*i&©£&a*i^-ci&s*iB 

EGR$t ffiEXIRgftilM* £ 6 WErt 85 
«P©SlfS©EGR^T*4SlfSEGR*ftS[|±5-r4SI 
IREGRWU^Skt. ±fEE GRiSSStcB2fic?tlfcE 
GRM*#ORK6. (WME*IREGR*&*toEB*EG 
R^(Cjfi-^< <fc 5 JCfflHSPT* E G R^teffl^Rtftflit*. 

c t ft #8* t -r -s if i ~ 4 © i vr na>-« ic e« 

OEGRSB#t^«!IN. 




10-141 147 



[if^6] iE^lSEGRftifgS^EGR^i: 
©<!Mft*ai-r-5EGR^{lMffai^R<i:, MEfiiiMri* 
±EEGR^H©&Rfft*iJ»rTSSlPffl-ecb-5Hlff3£©fll 

i ©4few«wf^»t ftjyrrs n t ft#mt 

TSIf 5 KE«© E GRgf#tl«3lW. 

im&m7) ±$EEGRmmm^m\t, ±eh{&eg 

R$t±!B|gEGR$tl:S^T. HflElill&E GR 

mamfse. m «s e g r m \z ^ < * 5 c me e g r 

OISgS7^ - hV\'-y ZMfflTZ Z. tft^SSiT^If * 
« 5 CESc© E GRgatt#l*l&$8S§9. 

tiSMtCfcfJfc-r ^ S^&^E GR^ft@tt5T-5 e«&^E 
GRWfflffti. JiEEGRilKJcSBg^nfcEGR 
fMW#©W«*. ME*^SEGR^S5EB^» 
E G R*tCifi-^< «t p icftHBrr ***E G R*fW»*& 

W::E«©EGRgE«tt€ri*385«K. 
[lg*3^ 9 ] J:E£IS!fc* EGR*i±El H&ff E 
GR*£©fi£*jrtiJ-r*S|J*EGR*aBSJItB#» 

MEraStf±EEGRg«©*l»S««T**Jp* 
■Tf**HBfe©«J;D**^*^Ktt. lEEGRSHi* 

-5 c i ft^M t-r sit am 8 tcE«© e g Rggtf 
cit*« 1 0 ] .hem* e g r ^w^Rte. jtE* 

*»ffEGR*fc±EB***EGR*£KjS-^»T, 
mE^RKSUi: E G R ^*«WE S EGR^lc:ifit5< 
«t 5 IC±E E G R SUffll#©M«ft 7 W — F A y ^ «W 
*Ci:*4*«iT*Bf*9(8K:E«OEGR*«#*rt 

[0 0 0 1] 

mwvm-tz&mftm] *&w\*. EGRggf=t^rt 

^tilBtcMb, ®^?Si*itrK3!iiiS-fe>-y-ft« 
[0 0 0 2] 

[tt*©8«] rt*R«K©»^©-«ft86glii8SfcS8i£ 

gr) ^a**»snTViS. #*©— «*aw«iai6fca 

8S$-&2>fcJe>©EGRaK»wfiEGRft!l^#*<ffifi$ 

n. '&m\z. EGRSfl^*©i8^ft. ©Massicjisft^ 

TVifc. C©«©EGRag:m*ffi©f"JiLT«. ^J^. 
«4#MBS5 7- 1 4 8 0 4 8^«JcE»$nfc ! fe©At 

l^ii?g©EGRfiffa3*ffiT(4, ©gtagSJCtt. 
0i^fift^m-rsfc«6©X7 7D-^-^t, SrSlSR 
^EGRfi©fnTfe4±^XSft^ffi-r-5fc«6©JE^ 
tH»t*«E«Sn. i^^itligiifflfA^EGR 




gasman*. 

[0 0 0 3] 

H K © A £ n-5 © A£Mfi£ ESI (C SJ^-r £ fc «6 (C « . 

^n^*n©#7.©ias£#it lt. asinfcifxi* 

& o*si»»&j&k:. ftwna©Ba£iE*K»a-r -& - <h 
\mm-c&z. -tm**.. aa£<b©*#^rtaaga© 
aaae&ictt, wasttfcaaT*-***. na©as 

f-^^6*>ft0rnxi/*5fc». EGRS£IE5g(r 
a«3£-rsctttB«T»5. EGRffiTWOtlCig'J^an 
AMaH^IUra&BtttffffciTr. *-©*£ 

[0 0 0 4] I77D-^-^. JBE#atti-fe>-tf\ fi£ 
$ ft53!f7»3««*«fiTbTL * 5 1 V» 3 aiftWife C 

[0 0 0 5] JB«-fe>U-fcd*ft*««*^a<T-5fc 

»fc**rtt©a^a*-fe>ij-s«a-r*«*, am&w 

[0 0 0 6] «3|6*>6, EG"Rgt«**3Efll»C^ 

»$nTV»5^S*>, 0£DEGRgg©itfcl5£¥iJ[grT 
afcSMc. Bfrtf t~ ,*;tf>* E G E m^ftl^T*,* F. G R_ 

s&wsasnT^*. tc5*«, -bj^anztj^tcEG 

RajWE*l::aj£SftfcV»£. JfttiSnSEGR^W^F 
ZEflgd&oTL*-?,, E G R ^^IE5t £ n&^«-& 
Kltt. EGR««0*l»ttjEaiC*IWT7€r«:^. -^©33 
EGR««0*«tWWf*iE*Cff5ii*«T*«CV» 

[0007] mrefiHce^. »«*©no 

[0 0 0 8] Hfc^aWi. 4>*©-fe>ti-*«;*.-5C4: 
(C«fc0, »«+©NOx**^— *©^&^«a*fr3 
dt^Blfgt?*0> j&v^. ^Xt-A^JT. h7W£<. EG 
R*XHtEGR**iE*K*ia^rt6Ja:EGR*«f+*l*i 
««aT £ d £ £ S &3fT -5. 

[0 0 0 9] 3EK*38Wtt. ±fB@f$£itja;L., 
EGRKBOj»tlW*|Wf*iEafc:fT5di:3ft«T#*EGR 

[0 0 10] 
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^Cffi^6nfcEGR®8St. ^EGRasstc^tten 
9wa*»a!S*» & tiJtBK^.asS'vSftn-s e g r #x ©at 

«Wi:fiV»T. ttffiaaaa&llftiaEGRaft&©€- 

»«j:DTa©iiME«aa»rtfi:Kttsn. mmmm^ 
mssts t e g r#x t ©*g-& ufc!g&ic&»?£ 

at. Ka»»«aia#ak:j:Daaianfcaaa«t 

0. WlB«»K:i&»*MaEEGR#;*©ffld»l*Ta.5 

*&© e gr$ tMRoaftimii ott-pft «aaa 
aEGR**aitj'rs*Ri(U(EGRWffl*afc. s 
- 1 £i*«tr* e g Raa#«i^aaM«ta 

[ooii] $mm2 {ciH«©%^»c<tn«, ±ibsi^ 

ftlEGR^iai^ttll, ±8BA&aH©£&£.!:a 

Lfc»fjg©tta*a*i. ±ieaaaaatti¥a(= J: o 

&ffi a nfc^tiJffl <h SSfcJtlBaR&a E G R U 

r * ci <h *»a t-r % m *a 1 tea© e g r 
AttttHftsaasns. 

[0 0 12] i«*^3{CfB«£©^Bj{rJ;n«. ±fBHltg5 

MEGR$iai#gtii «T©scKi*^t»Taaa 
© e GRittt«AaiHAaft»n«. 

(R/A) = ( (a-x) Lo) / (aLo+ (b-a 
Lo ) x) 

r/a : aaaaEGR* 
a : *&*©aiit«a 

x : K^KSijgS 

Lo :¥ffi£fc9©att©JU6&£&att3*g&a 

b :* 1 kafcD©«»©«ak:j:oT*ar*=a<fca 
^s.t^*©s 

[0 0 1 3] 'tt*»4Kre*©«9SCJ:ntt, ±f3HIS 

jftffEGR^itbfgn ±rea*«a«m^R»:j;o 
«tasftfc»«a*a*©aa«aart-<5 £-t8B*aai? 
EGR$Ol*?iJ>t5. Bf36©aa»ca-^v»T, Km 
a*a&#> s aaaw e g Rm^wtar « z. t. 
■rsaa* i (riBa©EGRaa##Aaan«4f a$ 

[0014] a#ai~4tffi*©EGRaatt*rt« 
mm\t. aa-tvu-fctt^Twaa^^sv^aaaaa 
s^tts^at, amaisaa7S>6*aaffEGR^*s: 

tB-r^§llS^»EGR^fftii^ai:S:*ffi-r-5fc«6; A 

aan©aaaiEi9-c t>«« a < mBR&st EGR$$f 
sdtAi-e^a. Mfc aaa*EGRa&&&fcae>© 
mm^mtLx, aaaaatu^a©»«aa-r%A:a6 
ic, aa©«ia*R*5rr***©j:5fc«iH«adta 
a^nan. -en^x, aaaaEGRa©amaa«t 
[6j±r*. ■«•©»», rt&&H©attfta. -3*oaa 




&a¥EGR45#«««fc<i£«£*-u AMSttHtt. mm<o 

[ooi5] iS*S5fcfeiE»^H^ic«tn«, ±iErt^ 
«Moae«atttiHr*aGtti8«ffl#a<k. bzb 
ttsi^ai^is: c «k o ft e> txfz& mm tzttfo-r * m m e g 

R*WlBt8lfEGRWlilfSt, m!f2l*!jB*BM 

©BBoBBBBB-cBsBBBBBBBSBtB-raB 

R*»iB**aa^ftt. ±l2HBB3¥EGRi£<hftlf2 
BBBB»*IB£tf»SMei>3««H©BB©EGRBT 
&5|IBEGR*£Sffi-f&*BEGR35gLLB^fS:<t:, 

±EEGRaBicEfis*i&EGR««#©B*s. m 

E^lfiS E G R B# WE S * E G R * < «fc 3 *«» 
-r<5EGR*«»#atSfllit&j:t*««i:-J-ai«* 
91 1 ~ 4 ©nm*»-Bfcia*© e GRgi#t«ts 

[0 0 16] m«95£IB*toEGR£Btt&rt&MH 
tt. JHBUfc*IR»»EGR*fc; BBL&BBBBB 
BBfcjfc&BBEGRBfcBHiU 31GttlSK»«T* 
BglEGR^»cHlSEGR^*ift^*«k-5lCEGRftJ 
ffll#cOiSS$r$!lWT^fcii6(C. EGRB«#©HBa<Bf 

[0 0 17] B*B6fcE«©BBt;:J:n«.- ±BBB 
EGRBi^EBBEGRBtWBBSBtfi-rSEGR 
mumn\ti^Wcti. ttEfl£«!±EEGRgB©&B& 
«WT*BBBT?**IilrB©BJ:D*#^«*«cf4, ± 
EEGRSiMSIILTHSiflKtiJI! 1 OKMflff 

GR&Bft«ABBBdtB^sn<&. 
[0 0 18] BjfcBefcBBOEGRBfitt^rtBBB 
tt, BBE'GRB«fc@BEGRB<h©BB&BffiU B. 
B*tJJfJ6©BJ:D**l»«*fcEGRBB*«*!»bTV\. 

EGR£B©BB©*Utf#f]EBi;: 

[0 0 19] BBB7fcE«©RBfcJ:nK. ±12 E G 
R*M«mt£. ±EBBEGRB£±EBBEGRB 
tfcJS^T, BEBBEGRBftWKSBEGRBfi: 
ifitJ < «fc 5 ICBBEG R©J®l#CDia^S: 7 ^ - K/t* * 

$3BT * - 1 bbb 5 ceb© e g r^b 

[0 0 2 0] B5jtB7lCEB©EGRBfitt£|*)BBW 
tt. HISEGRfiggEGR^tCS^T. EGR 
IH»#©B*©7 - KA >y * MB *fx 3 fcatC, E G 
R $!]»#© BBStt, flBb>K *KWS©BK«Ban 

[0 0 2 1] B*B8KE*©BBI=J:n«. ±12*185 
®M©SgttSg£&£tif *g£tta8&ffi#&£. BBC 
ttBBB^ft K «fc 9 ft £ nfcB ttm iztifo? « S BBff 
EGRB*»ttrt-*BBBBEGRB»ffl*&i:. ±12 
EGRjiSSlCieg$nfcEGR§iJP^©Sffi€:. BEB 

e g r mam®, a e g r m ic>a^ < <t ? k 
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BWT « £B E G R 3?fii»^g <h * BAfc c <h £t#g& <h 
tSS*ai~4®^fn^- BlCEB©EGRBBtf 

[0 0 2 2] B«B8lclBtt©EGR£BttSi*9£ttM 
tt, SCRffilcttft-fSSBBBEGRBlcBBBBE 
G RBSitttJtt* «fc 5 K E G RBB#©MB£Bff ? « 

rctbiz. EGRmwft<»mm.imw<DmzMM-2*iz>. 

[0 0 2 3] M$B9 fcE*©BBl::J:ft«. ±EBB 
E G R B <t±E S B&B E G R B t. ©BH£ff fflT 
^BffEGR^B«SLffi#©<t> BEBB*<±EEGR 
BBO*B&!MB-r*»BB-C»*BfBOBJ:0**v» 
±IBEGRBB**BBUTlf»-S<k«»fr*a5 
2©*B«B#Bi*AB-r*CttBBfr-BB*B 
8 KE»©EGRBfitt#rtBBBa*B{fc£*i-5. 

[0 0 2 4] B*B9»CB«©EGRB'fi#£|*3B«B 
tt. BB£BEGRB£SB££EGRB&©B&&£. 
tUU BB*«HlfBOBJ:0*«^B*KlEGRBB3WSft 
WbTV»St*iJ»fr*fc«>»C, EGRgB©i£P$©*iJ$r 

[0 0 2 5] SfMl 0»ClE«©*B»CJ:ft«. ±EB 
BEGRBBWBBtt, JbEBBBffEGRB&JbEg 
BBBEGRBt'lcB^T. BBBBBBEGRBft! 
BB a m&W E G R B KifiO* < J: 5 C±E E G R ftO#P# 
OB**7-f — HAy^MWT*JlttBBtT*B* 
B8 KB«©EGRBfitt*l*3«BHa*««Sn*-. 

[0 0 2 6] B*B1 0»C?HB©EGRBB##F«3B« 
Wtt. BBBBEGRBtaBBBEGRBttcS^i 
T, EGRW«#©B«©7-< — HAy^lWB*ff'5& 
©fc. EGRM»#©lgH ft»f». *tfac9«fe 
BBStlS. 

[0 0_2 7] 

B6B©B«©»»] KT, SftHBC^*, *»B 
CDEGRBB#*rt««W*KB-r*. tf. *«B© 
E G R£Btt£PiBttH©£— ©BBBB&BBCKB 
T-5. Bid *BBOEGRBBft#CJ«»B©B— 
©BB7gB©«B&Bj£BT2&5. BIC^T. 10B 

x-f-if;ux>>'>, i2«©mass. i4Mt££a& 

£^LTV>-5. EGRSIll I>i?>10OM©- 
BfcRBBBl 2O-0— S>*>2r (B5jH*T) tI«S 
■ar^fe«i)fc, BBBB1 4tR^BBl 2©-if— 

*£*«arr*EGRatti 6, sotgriki 6± 

KRW-&ttfcEGRBW#l 8£*B*.TV»*. H 1 K: 
2 EGRBflftl 8 ^BKT-SE GR$iJ 

B*BIWST*0. ftJETi^^iX-^. 
y/^— ^B©BSC?S:BS©EGR7i'^iX— ^"C* 

-s. x>i/> i o ©e cu mm® 

B) 3 0ii i>y> i ooiww*i*itfi>y> 

BB*B«>x>S»l 0©SettBtwf5UTEGRMiil 

#i»»2 o<&BaiiL, egr«b#i svmmzmB 

T5. cnJCckO, BBBKl 4fr&EGR9Ml 6* 




[0028] MHZ 3 OT*T<0«, X>> ? >1 0<DE 

cu (Mnsie) Ecu3 0fs. rom cj— 

K*>U^4y) , RAM (5>>yA7i7-bX^^ 
•J) . CPU (Y-fi'Dynt^^) . St*A;ti#— 

cu3oit x>-^> i o v>mmi&&fflw&<D£s&{Sim 

SfrSte. EGR$iJ^I#l 8©ggft$:$iJP-r^EGRi(l 
[0 0 2 9] JltlSOf&HWWfcJ&fc-. ECU3 0OAA 

«ExK*CttEOT. Rtf»«att 1 4 flCKWfc 
*«»*jME"fc>-9-2 4*6©»jlHtti«CI:jSi;fc 

tJ-a»6©7^-ny«EEflH»tt. ECU3 0l:«tO-SlBf 
tCA*)Sn. ECU3 0©RAMCtt«JSnW5. 

(Barer) cEi*nfc@iatt>t2 8*>5x>e; 
cpun — izmiEimzAjj-r2>®i£g.svi'xm&L 

&*>&X>v*>lHl*g*NE££HJU RAMtCteSfrT 

*. kamhmex. gMUHRaxc. Tzvmme 
ir^n. RAMtc«atrcne.©7 : -^osfr«5M*^'" 

[0 0 3 0] ECU 3 0©tii2j#— MS, EGRfflf# 
1 8©EGRftm$»KIM*2 0 (cKMSIK (BareD 
t^LT««Sn, EGR«9W#1 8 onflEM«l«(rrto 
ns. X. ECU 3 0©tH2nfl— Mi^-f 7 if/— 

mm&Wigim) 3 2trgg?$n. ^7^;->x3 

2«EG Rge©&«f^&r<&fT 5 . 
[0 0 3 1] *HJS»SlT7tt. TVvV i ncng^PtM 

N E t*» 6 S«*M«Q *Stii-r « ttJffl v 

y7T*5. B2©$8«|ttg#i»fcfSQS:. WMttX> 
S^BCRNESSRU B*©&i»«, 7?-fcJl'IUE0 
*«— S©»^©R*«»«Q*»UT«r»-B. EI2(C^f 
«fcp»C. S*"S»fiQtt, X>5?>BC»NE3i«ra— e 
fctt«7**;i'BJ«0#*#lr>S:fc#Wi*£0; 7? 
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5»^»TT»ECU 3 0<DROMIC*&^$nTi5 0, 
ECU3 0H ttfflUfcX>y>l3e»NE£7'*-feJP 

[0 0 3 2] £C. ISEGRf. o£ 0 ggi^n^ 
EGRfll ±&Lfcg#«lfSQ£X>>?>|glSgcN 

*<*«QtAV6B«EGR**JKiT*B*EGR* 

ttttX>S?>|5Hg38:NE£jSU @t©Ri , R2 . R 
3, R4 tt. fi)fSroMroS^EGR^S:^-r. Cut, 
Rl , R2 „ R3 StfR4 tt. Ri>R2>R3>R4 
©««**rrs. @3©&@lEGR$©ill R^Pg 
»SQ tllteSN Et^7^-^tl/Tffl bifcflMT? 
■yyofTf »ECU3 OODROMCfe^nx^O, . 
ECU3 0H S*tMQtI>v>!EiraNEtKi 

wrr*. 

[0 0 3 3] JfcKl, Sf|— ©*&£JB5Sg©EGRgjg©8iW 
lC-p^Tfft9§-r-5. H4», $^OEGR^l#^(*3 

«**8g3©sg-©i£;&s^gr© e g R&wvmm? n-^ 

— HT?**. EGR»«©««*»Mj**n*i: C*yy 
^2 0 0) , $f@lCQ7i't^Mat>-!}-2 6<tlH»5 
g:-fe>ii-2 8 tC±?T7^-feMI*fl tI>i?>H6 
RNEijJtftliiSnS (XT-y7"2 0 2) . ttwr, ± 

RNEt*6S**»iQ«WUlSn« Uf7^2 0 
4) . fJfc^T, ±JEbfcB3*ffiffllxT, S*«WSQ 
tX>S?>0<E»NE4:3&»6B«EGR*36*»tHatl'5 
(Xr-yy2 0 6). 

[ 0 0"^3 4 ] ttV»T. B 1 0#^KSIi8«-fe >* 2 4 fc 

8) . *«M»K»*-fe>-fr2 4<PMftM-gfta»«»* 
flfJgCtt, *BSg«iMH*A (x>v?>©<g&*fch) > — 

Sj jjg^C^l^aa^lkS {*.=rv-f2 1 0) . »!^T\ 
B 1 ©9B»S£iiiigg-ti >1^2 2l:i0, ©mSg?£jgg[ x 
iWUHJStl* Uf77"2 12) . R&&*iSflExtt, 

sa6-r-BJ:^»c**sn, *ie©EGR*£gg«jft*«s 
't©jtT*a*Ki«iitEGRj|i}Wa*n* ttfyy 

2 14). 

[0 0 3 5] BIT. B5fttfH6**8RLT. ©^Sgiii 

x #> & noiiMc e g r *75<*tb $ n-s 7? ^ « ^sb ic 

K«t5. B5&X£B6te. ^SDEGR^ 
EGR®SS*^LTK^jiSSST?Man^u:t*i. 

fcfftonfcwascDftjBiataftft+ott**^:*, egr 

*R. SftHWAfTaWCitlftit*. B5 

»a. autiaftfttoia. 10, 20. n@. 




(Nm3/kg) m&mnm)£tzK>(Dm$x.m. (Nm 

3 /kg) ££*-r. CdT, A H^jIPJ^T* 0 . 
Lott. *tt«*«lSfcO©3I*2S«* (Nm3/k 
g) . ^0 l k*©i»*%iiftt40l:iaW:i 
CDg!^^-&tr^a-e*0. RttEGR$tfeO> ate 

! S^Hi 0©4Si (Nm3/kg) 
[0 0 3 6] ScitlHl^0[eI©f^{C. X>5»lCtt. g 

Asn*. alo o«rit3&«««*n*t. ««sic«ffla 

n&H (A-l) Lo aOOffifULo <555 

S (1-a) Lo ««CJ:0*J«UfcCO2 RtXH 
2 OT*5b ^tftlttiSnS ( (A - 1) Lo + (1 - 
a) Lo +b= (A- a) Lo +b) . ^^T> m% 
( (A-a) Lo+b) ©5^©EGR$^W 0 
1C0EGRI81 6=£tf-LT!K5ulg&l 2 STMoS^n 

>C!ftASn*R»att. Sifc75:fT^»S-C*^)ALo 
EGR^fflttfeSR ( (A-a) Lo+b) t 
<D-8;m& (A Lo +R ( (A- a) Lo +b) ) iZfS. 

z>. mnt»<D#fsM}*. vrnttmantvc* u+r) 

( (A-a) Lo+b) CftS. mUlZ. aSi£lHia*«2 
(siroK©, KglStt (ALo +R (1+R) ( (A- 
a) Lo +b) ) IC. mm&te (1+R+R2 ) ( (A 
-a) Lo+b) lzUK>. MWi®8.ftTi®e)&cD. $k.% 
mfe (ALo +R (1 +R + - + Rn-l ) ( (A-a) 
Lo+b) ) &§SM\t (1+R + -+R") ( (A 
-a) Lo+b) tCfcD, <n—») #Sg-ErteV © 

Mitt (ALo+ (R/ (1-R) ) ( (A-a) Lo 
+ b) ) \ZtzK>. m%Wti. (1/ (1-R) ) ( (A- 
a) Lo + b) \Zts.2>. 

[0037] i6ii mMmwfl OS, 1 IhK 2m, n 

©SSffia (Nm3/kg) #^C^fiafcO©S^ 

(Nm3/kg) t^T. H5tB«lC. 
At4^ia^T*D. Lott. WfilSfcO©! 
ft^a (Nm3/kg) . OSDlkgCM^f 

EGRft^D, att^^OKfciMETfciJ. btt* 
fir^fiSfe0©CO2 RO"H2 OcD^fiEfi (Nm3 / 
kg) 

[0 0 3 8] 51Sitisl^0[Hi©f^»c, i>-;>l:(i, 3 
fH^SiSLo tc3S^*J^A«:^i:fcALo ©SfM* ? K 
AS*!. ©m*roSE^S«aALoT*-5o ALo ©Si 

sw*««an*fc, a? n&^sfli (a-d 

Lo tfflKSla (A-l) Lod^ S^*CDS?^filC 

tiz. m*x. ®5\z*-r£?\z. m%. ( a -a) l 

O+b) W5^CDEGR*»fc*tt75^ EGRSg§16£ 
^•LTKSljlSSl 2{cSt5t^tl (01) , Sfi5leI»*U 
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[eKD^fc. x>>?>lC©A$n-5©M+©S?^SH «r 
I«MT$5aALot. EGRtfX^WgEsfta 
Ra (A-l) Lo tCD-g-fftg (aALo+Ra (A - 

1) lo) \zttz>. m.m&<Dm%*v>m%mi~ mm\z 

WHi^nx. (l+R) a (A-l) Lo BSI 
K. SStt@&d«2l2lCDi50D, Kigl+W&iSSStt (aAL 

o+R (i+R) a (A-i) Lo) \z. m%*<Dmm 

»tt (1+R + R2 ) a (A-l) Lo iZUO. aSftlsJ 
Si73<nlHl(DfSOD. ©M*OSS^«f± (aALo+R (1 
+ R + - + Rn-I) a (A-l) Lo) IC. ^^©SE 
ijtati (1 +R + - + Rn ) a (A-l) LoK&tK 

3e««»-ptt, ©m^osimatt ualo + (r/ 
(1-r) ) a (a-i) lo) \ztzK). mm*<Dmm 

mt (1/ (1-R) ) a (A-l) Lo tC&-5o 

[0039] M±<D£o\zvxmzntci£ftttm<DW$3. 

1 (ALo + (R/ (1-R) ) ((A-a)Lo + 

b) w&.fs.*<ommm (a a lo + (r/ ( i - 
r) ) a (a-i) lo) <t, mio&is.mmmm-t> 

•9-2 2«cJ:-QTf#e>n7i©^^ig^x<»:d^, K^5£ 

(©^3g^«x) = mm.*o%tmm (a a lo + 

(R/ (1 -R) ) a (A- 1) Lo ) ) / (®«a 
(ALo + (R/ (1 - R) ) ( (A-a) Lo + 
b) ) *«f#e>n^. MK, £©5£&^rr 3 
0. JHG£k#EGR5p (R/A) tRM&SStilSx <h© 
g9^5£ (R/A) = ( (a-x) Lo ) / (aLo + 
(b-aLo ) x) aquen-s. 
[0 0 4 0] 04tCg|9. ±^LfeSC (R/A) = 
( (a-x) Lo ) / (aLo + (b-aLo ) x) £ 
tffi.LT, Xfyy2 1 2TttB3nfcKai$ISx 
/6>£*l&m»EGR5$5#5gtii£n-5 (Xr 7 /2 1 
4) . Z\<nm-&. iS (R/A) = ( (a-x) Lo ) / 
(a Lb +. (b-aLo ) x) (^ffi^Sr^T) 

-rz>frt>v\z. 0 7tc^-r<t5/«c. ttBKifi^snfcH 

fl&E (R/A) =px + q (p. qtej&gfc) £&ffl-T-5 
m^EGR^tC0P^Sr^T^^7-C*^>. 

[0041] ig^T, xt77"2 i o-e»e»nfc*^ 

^jfifd^At, XT'y7"2 1 4T#^nfc*IR^fiLEG 
R^tSr^fflLT, *SSEGR$OTSn5 (X^y 
7*2 16) . 

[0 0 4 2] ^T, Xf-yy2 18T(l f'fTtfS 
— >X (ScK^SSfS®) trr, EGRiSOti^Ji 
^fft>n, ^*I6^^nfc®:B*iJ»rfii<h, ^fSEGR^ 
i@^EGR*<t©M©^Mt75tit®^n-5. ^BRE 
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